
"l 

I'll 

¥HK4i 'RtPöM ftAt «UN: DEblMifEp 

UKbfiiR PAD :D|RBCWJE 520Q-20 AND 

m mmmxßM^ JM \H¥WP UPON 

m mi ANö #iic!$suRg* 

$|fr»Öi$0N' SilWBEN? A 

PROVED fOR fJUBUC; RELIÄSE? 

'if. ; ÖJIäTRäBUripN UNLIMITED* 



J-'-W 

Ö;|,,M 4,1J-#,P #^Ä^-f'^^^ 

hen Government or ettier drawings, specifications or     | 
e used for any purpose other than in connection with       {] 
elated Government procurement operation, the U.S* 
thereby incurs no re sponsibility, nor any obligation 
and the feet that the Government may have formulated, 
: in any way supplied the said drawings* speclflcatJWs 
t is not to fee regarded by implication or otherwise ap 
5r__l|c;ensing the holder or any- otSgr persdh;;or,cQlrao^^;x J| 
peying any rights or permission to manufactufe^/u^;^^^ 

" invention that mag. in any way be« related thgf ^»''' 

*'4 jit« 

«••• -rj?_'?r .£> -'»    v.- 



&s 
Bü:-- |rr;... 

4s*"-     ? 

-"-•u-f^-Ov ti-r'K   " 

"4- 

—=HI 

-.-ja 

l^i 

•J-   l • 
.   i. 

- v- 

S-» *^   »*TSs»s«i<ieätS'"»lfc"^ 
n- 
»~*«x>.••- 

(Copies p^sateie 

. .of ^Bääsaös* «adäsKieä 

• iltsBBiiiHi'CaÄteäe - 
iCerjünics ^.Rcläaeäaa. 

Jte. 

;,(8i 

/ "N :.-.\s-  - -.iji 

"ÜCZÄS^gS* 

^^-iL'/C-.i 

' "^-^'"-g^' 



--: :=•?***:HSE:=: 

[•SikM :»Hj£j$M^ÄÄ'-"I^-Öft; 11» 
£-M 

~ 5 

£,y\j^gpi i^r£%£>>^ Ö,  -'""•''   '" — "**   "   "»   -^ " •"*" """   "-\.'J        *^"^i *     '    *;*.""' "     -»' j    L ~   »    w"       " *"        V" SilJ'iW    ^>*' -X^v^*^*-^,"*-   •»' *•   ' L -»*.-'   ' '- "-•*   , •* "•*•'. 1\\&.* 

--•".^ 

' ^JS--"   J ->:-\ ivipjs 



V&B6 f ««hftioAl »wt $&*#§ 

Iff- vs. 

«WACl:r".TJ> - VYI*"" h-t'JSI •»*«?»»W«S toWiJö ~Ui'    LrwiM Ais« is» 

ABSSRftGT 

ISTEftEBC 

" .2% $*.pr(B.gaäfeiö!a Pi* Skeletons with «eiai'lie 

i H?&%M)!r B.» ÖöttveiifcJ 

S-^CTiöK II --• $xidfffciöQ Soraajslng Tests - 

SS&TiöÄ XV P*päu:ejfciön grid IfefesS^gt'ioB' .oi" ^tn« 
lush; Sty^sas Ruptur© *fj 

A« testing fi^©egüT»a :B, i&exaa'l 'Sboctfc '^eaitirig. |^ä: 
0*. Eiapussiori of l^s^al Jf>&p©j£ f©sting Results 

äSC^it ON Vj ~ Submission «vf %eeits#&$:/ 

•SSS-5?£'0S ?II"•» Siipaar^ and Gprs,«iuM;0sg- 

--."*• 

4' . 

22.' 

M; 

M' 
•"SÄ ' 

. #• . 

4.8 

-as:. 

;$p$ tp&>&£$. 

is-1 -". 
C--      -^.- 

« '^^ 
I* •»-« 
•K- --! 
,;*- •-£ 

V--T.Z. ö 
i»« A^"" 

-S-ff^ .^TfM^.=*V^*8JWjS«jtf^,1^miW'3^^ ,r--irw*w* -*.*«*,*•*$—•*, 

ffi£WiHfiöEHi=iE3SU 13EaQ£E^£?£MEtt9ttK£SE«lJ&Htii 

IE' 

'""•- ~ il"¥a i"f iT'ini I'I II   *rrT***li~Tr it'tT"" TTTTTTT 'TlTTr IT )TT7 



WA£§ itaahBiafti ÄMrt ÄMÄ 

LxST. ÖF iLLBB^R^Ti-ONSfAJSP TABLES 

::'.:.. is 

2- 

6 

10 

m- 
IS: 

14 

m 

if 

18 
-1# 
20 

21 

.sä. 
m 

«<*© 

'8~ 

8« 

jMOld £*©«* for Hofe-Preseing 9 In* Bars 
Ria©In* Long Brot-Presföd Sk©tet©& Bare 

- Tssüasv*x«»e: Mpregnatiörii Pf ? .:£n>.Sk<|leten .Bar 
Phetomicrog^phs JS£ Äa.8t.e|lc5y' ^Cw~Xmp?8gkate& 

-Mtts:-$99wti:on pi 4^ax?riipy :"G~*;*rap?fö;^|at-s^: 

TitaftiuiE :Gas%ifde^Sp©el55©B'' 
.f&öi©ifricr^graöhä of Incanoi-iiapE^jBW'ä-ted. . 

Garttid© Sp»citf©ii- • ^        =       • 
%mati;6n ö? Modulus Of I&pturö over i^ngth 
of g-iii-fe "'"".- -"-      ..   .. 
^Wfci-ön* o£ Modul«© öf Suptu^ö afta Haüdnese 
@V©r kpngSi of Unidireotionally iinpre^aated Bar 
Oxidation Behavior pf TJichrpmp^Im^ppgnät^d 

iäted 

* 
T 

its-. 

15 
i? 

20 

Oxidation •Bshavipr pf ifastei 
Tittrnlust ;Öa?b'"-lde;" - •" 
Oxidation Behavior pf inp^nel-Jsipre 
f i^äältim "Gitybide 
Oxidation Behavior «ft Various tempera tapes p# 
Titanium Garfelde I&pr^gnat©!d with Väslpüa 

pf Qxiäi:?©d T;it&n;iu8i Carbide 
Bodiöa 
Finish Qrpund 9 In. Infil tinted Titanium Gar- 
jiidjMäär» - -^ . . 
^©r^l Shook T;s:Ktit% Set^opr 
Therma! Shock Tested Sintered Bar 
Themai Shook tested * BW long Ha#t©lXpy ÖCR-* 
Infiltrated Bar >' 
Appearane® of .Sintered va- In£iltrated &&$s 
&*fter Various Humbers of Thermal Shook Gyü-les 
liaorosectlon Through Shock Tested Infiltrated 
Spegimeh 

J^ffect o|"_'fhe-ma1. Shock •Temperatur©' ©n infil- 
tra~ted Test- "Sera ' *-       - "•    ' 
Araber -ii iWrinai Shook. Gypl©© at S&Öd0? Vs * 
Modulus of Transverse %pture of: Infiltrated. - 
and S''int©red:;B^;rs. __. - ^JL„-~ 

2f 

28 

29 

a»fß9< 

38 

59 

40 

46- 

-. -_-»äL3 

|l£p:Su^"fJi^ ö;f Infiltrated 

-&&BC mt W 52-92 
?':• 

^j^w^ts^a 



Ins -: <a 

4 
v'i 
•t-s 

iii 

- v 

VI* 

fage 

•9. 

AH 
,'l.py- on T«s± .Bari 01 

$$*& of. TiMäiaa» Ge4?fc&ae ;Mätertaia 
Paseäueed W £if£er*»;t Methods .23, 

•* .»,Bäf' Sif*2«©^i6ft fe'a -ö'f Oxide ^t&Mat 30 

-IDit&hittEa OarViä© Skeletons   >    ."• "- - 
- V*rtä**önr.oj IOä» ©f Huptufps &tre6gfcha 

-IM 
-—S3 

I 

Ü- 
""I 

•;-. 

ts6 

« 

:.»-*? 

,-„^..*il 

*> -.-I-:-   •••' 
&',   ...-X. 

;v   $'  T    i- 

^ ! 

••'.?_'v'/^l 

• .w r 
1Ü 

frt-ttvrjrgZZ^ZZggZZ^***^•^^ "" 



BBWBgggga&aflfcSB£B«BSMflL'geB3BS 5i«»a*-sffiB 

MkövlMl RijÄ^THPW 

F0BEWOKD 

report serves äs .a final find iSüeraa^. 
.©II the cesea^li find deVelopffientinvestigation .ca-r-riect 
©n under U«. S. Air Bragg Contract Bo. AP 53(088)=16103» 
g&penÄtUre 'Order H0* 60S*iSs-S5.^3Ä,s -gaiä ^@nt%«s;ö-t 
Jssving been entered into by .fch© Äa^eyifiis I»bprate.rgr.» 
Research pivls ion »Wright &ir Develpprasnt .Cent©?:»- 
Patterson Air " FÖrö.e. fteee,,,. Cey.tcn,, :|h£. 
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Jehii.i.s. EI"Xiss Chief JbgjUieeje.» äesistMg'in. tne fa.b= 

ojf the atSess r^ptiirg test 'bs/fs* and lire* . .. 
f^^beman,» -Itessaröh Aäsöo'iä!t.a,. assisting, in   . 

the metatiographi© and tfeeisial shook tea ting» and in 
the preparation of this report* 

are indebted to Dr. John: 7*. Nielsen, 
of 'Metal Science, Hew 1-ork IJhiysrs 
of the X-S»y diffraction analysis work or ih#.' oxide 
preduotSs and to Mr.. j^ba&rs Jb&e,-. fteseärsa ÄsäÄelati 
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University, who'cbhdtrcted the detailed investigation» 
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labors, ti-on on some of £h© technical detäilg of this.- 
r sport, including the prepa;ra>t'ioh of photographs.» phofco- 
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K£Dß T®ehaiUiä 

. _M_i^ir:@st^|ä:j
:|tn w&s ©§rrl$d but forthe purpos© 

ö.tr\i©^aIui%Sßg äöj^öfit» "SpMli oöhe lä cöjg ö:f" Sit an iiäs 
na»bid©. 4»« .a'£©ä©£~i^s© alleys aad ihteriseiallic ©oM-" 
pounds s gs?©4Ä©©d % -&© lsifiltr&tion ©ad oorivöjtä&pnäl 
pfe^d»r fis«5t&llürgieäl p-reees©©© for «8$ äs structural 

of' ©ir©ra.ft i~$®at 

;©&© niö^ei ^|pys_csjid_|feg ©a© ©©sp^hd't<_ 
:w@r© l$®ift% - S&«« elX^-^'ö^T 1taooa©X#' ftadrBiftIV' 
l^sp©4tisejljr*.  ?r©jäs©tl©n teöbni%us® »er© dövsleped 
iisf" afeäe in-.«- ;lon|f":Sfe*öss raptor© test -bars.1 ooatäiTM 
'lag: .In©'©tt©l *4' i^fll trsät *_  §h®se w*r© proda&ed oy 
th#. iäl'iljräjblsmi^roj^Sji ©ad. s$!^t4fc©d _lö the Mate*» 
rials ^b0^t9^^'ltä8#Kip^.;-^Vij|iön^ Bfa^Sfe' »i*;T58^#l* 
©pment Senter for stress .rupturl Mats together iflth 

m ?©g-©6' sä ©tit ©ai ti»© cores 

1.« oXid&tion t#e.ting ia air st 1600, 1800 and 
.S., X^|Äy.diffra©tidä aaaiysi« of the i^d&jpgoguto&H 
#.». ^©jäaa-1 shook testi&g •©* SSÖ0- «jd-gf ""'*" 
4, asiasiü». of ^raäsvaris« -raptor© at r$oas_t#t 
$• mödslus öf transverse rebtur© ©4 II 
6- öuestility at 

»g 

^ _      t% WB,SL ~ f-ötiatj that, ©m©hg. th© ää-terials; tssted, 
tit&nlum ©äx^lläs^iHööawl» iafilt^st©«. »Jf »h© -öäpiilary 
lajKiltratieä-. method• had th© most. faimra©,*© ©.cäsMaa- 
tkMk ©f hlgh-teaap-smture st#*£agthe duetll&by.» and ©xi«» 
datioa resi&taao© at elevated temp^ratu^res•'   its.fäelU 
.iity of product©»» JjWäw©** «a* Inferior to that o:-f = Id© infiltrated with othor nickel alleys» 

to prodaoe from Ins oriel-lnl'Il- 
trftted titsisius» ©©rbid© ?$• x t/& x |/g; in..©#ee'im$fi@ 

-©•fjgl'tii.i^rgija.i andi_s;tiiu©.tii.*al ii^lfog»ity, hin© fa.. 
bar©;' required 'for stress, rupture sp.©©lÄ©hs;'©till 

©;@m© Region» o.f less homogeneity ©©• evi*- 
dönced 'by "miör©p.orosity *• 

H^:;^ 

W&kW^^ 
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'fh© g>&©ra± as@pf ..©.f inveatigafeS.öii» ©oäs «*.«. 

tuttag £h®. sub ja© t jp&ttfr. öf this .P©p©.rt, w@s t© opj&~ 
.©&©.& l?e6#apcÄ änd ^«velöiaiwst ,öä ^teriäls having 'ta© 
pb^a.isäi" äad o&sä"ii:sml i^p^f**4:es *A1*

ä
--"' f^-? iv*ä -as 

*^*>iciiÄ'3Äl ©Offip©h©äts, at il^^/temps.l'ä^rrff«.; -1« alr» 
.©:f^ft J>©w©£ plante»    Kor©- ©ip.®«ififeä|,'iy_g_ the J^veÄti-gfi^ 
ii©n. sotsocEfcied itself ^%$h :th© df^alp^ieat of o©mpösIfc© 
^ö^d^*;ffl^^ll3»?gi©äl, bji.di©.». öoa.ais tiag_ of two .41 st trist-» 
iniS.«Lpa^«*ss»* :P^ftw«s'^ ;a r#£5^©t.ory aa^tai c«ar%i-d4 sad a 
htiäh ta&pgra^tuya oaidätioa ?w±«jSga^.^^t^I'|w^Ä3,lov * 

fh© tr»nd tefrariiB design £0? higher ©p©rs;t$iig. tem- 
ia in©d«rh |et »nglhfä- ha 9 .p^äuded ..^aquire» 

Ä©nts\of hight©mp©ratttr© ©aääätiöa resiätan©©.» strength 
pTOpe?tiss9  thaxrrnal shook £ös£s;t&hc'.e.* -et©..» flieh sees.\ 
.t© ;p©i-äit. favorably .t©wa-rdj|~ tha. utilisation ' of ^©e^öts'*" 
oiLth4 typ©- dseoribed ajb©T©> _. *%©fe öaplax igat ©rials §än__ 

designed tö .©^i'O'i.t" a rang© 6f pfeyslö'a-l and. ©hirni©»! 
t&roug^ettt fchm ?®&ge ©f Uiiafei© tfmpera'turaS^ 

!•©..». 16Ö0 t© SÖÖÖ^F-,' "far •supfärier t© thoäs'ör ©lih©r 
©f the nsBtaptal öbiaponehts alone. 

A considerable nuajber öf previous iayestlgationa 
aav© baea ©arriad oh in Ä© det,#|©p!?ent.f by the methods 
aad .ppöeeases of powder Betallurgy.r [pi' the ©foramen?- 
tlsäed type ©f «apiss äa%s:|«ials Wh loh would exhibit 
good oxidation and creep «esi-s-tsäoe ag weil a» show 
satisfactory wear resistance* ductility, and strength 

. undor th© ©trins©at. ©on&itions ©f oparatioa in a j ®t 
at'temperatures of approximately 

Aaid© from the con^entional powdar metällisrgical 
processes pf h©t-pr@@siag and eold^praasiag and sin-* 
"t©yiags tha process ©<f ifspregäälfi©» was found to-, be 

. particularly proälS&ng as a method fbr producing th© 
typ© öf manorial under consideration.   *£he theory of 
this ;pTP©ä©B© postulates 'that when, a skeleton ";©-f a £©<* 

„fmetÄCT'.JnÄCäl ..©lajpfeidii. lra iBäpregnated with a raetailio 
phaa© j two interfeiriaed and indi^lduaiiy ,ö©her©ht. a©j»* 
wjarka* the metal 1,1© and the re.fraotory ^etai. •oarbidij 
phase»^jäöLesgiet lav the- final ©opposite ärtraistiare.   ^e- 
§^©p.©i?ti'©S' -Pf th©. final body,,, thenpefoye» •are a ©©mbinr 

4f ^ .th«5' -:tg© ;.§ #.ith;.= the.' Aooreht Of 

M©WÄ;^^&C 
:.->--' 

~T 



WAD6 T#@hniöÄi mpo&u m*m 

one.    Ths high 'Cre#,p' resistance,, nardnesa., and, strength 
at elevated temperatures .of a refractory metal e&rp;ide-9;.   - 
such as titanium earpide, could thus ©e paired with, the 
high, temperature oxidation resistance- and dWtliity 
chäräoteris ties of such alloys as Haötelloy "•<?*, Niöhrprae 
¥*,:ihöonei,9 Or -others-.   :-."• .-'.  ..: ..../-..-:--- 

E^rly investigation® showed that the impreghatloh 
technique was applicable to, the prpdhetioh of composite" 
h.ödies/o'f' .i?e.^^'6'tpi^'ft©täjaji;*s;-

>w-eil is their carbide's' 
and ^prides'» andr the. combatively- low melting, met all ic 
Phases. &f. nickel--.» cobalt»* aiad Iron-si 

Witb[ ^rtiöul4r reference 60 titanium' carbide,, were -.n- 
Vestigat;ed by the Ohio State University i'.    *t had been 
ppt-ed.» hOWeverV that such composite bodies.» 
when bas;ed on tungsten.,, molybdenum,. or tungsten carbide»* 
'displayed _p6'or Oxidation resistance'st ei ©•fated tiisper»<? 
türesu  . 4ttemp ts s.ere .made to solve -this problem Jay sur* 
rpundig^ the skel#toh grains with an oxidation resistant 
sllpy ~' *  encasing tras entire composite body with ä 
stable» bxid(^forming oas#> and alloying the refractor; 
skeleton material to form a muiti~eärbid£ ©oaposlt© 2'1 
fhese investigations met only with partial success. 

did, however» show that nickel- and cobalts-base 
resulted in more: oxidation resistant 

eoiripOsltee. thin did those of iroa^base alloys. *.•   '"Sie. 
former alloys also Showed superior strength and duct11 

Is) 

chäracteriötics "at i#0O--SU 

Th© ^hte&cfcs-t Gorrporstlon Of America conducted .ex-* 
taneive investigations in this field during the 'time 
preceding this contract, and concentrated their effort® 
On titanium carbide as the' refractospy component • The 
Basic work of this investigation consisted of? 

X, KpälfiCÄVtloh and refinement of cOmätrcial grades 
of titanium carbide hj carefully controlled heat treät^ 
ment under special atn.\ospu6<res with or without the add- 
ition of other metallic, consti-tv-sats in order to form 
'räUiti^öS^rhxd'SS »" ' —-•--•-—^ •--------    j- -- •_ • *      -• - ----- 

2« Determination of the. effect of pröceäa variables' 
such. as partleie «1?»*--4;i^^a^.-t.e.mpeÄtum..of iiot-, 
pre siting and sinter ihg».. on, tlaß »atnset^re- and dehsi ty, 
of refraoto-ry metal • carbid^/sk.e^t^nsu.  1' ._,;_ -.- ';. ; '.'->. 

:JpgCt:„ R •*, W2#§&. 



WAX» Technical R#p©pt j£m<*wd 

..   S» Determinati-ph of the. effect of the refraötoijy 
metal carbide skelefcpn- density on subsequent 
nation with iovrer «elting metallic phases. 

4i  Development of, methods  fop testing s$*ehg 
and daQtliity ehara^Wri-stxcs- ät roefö and el/evatedi 
temperatwres for skeleton and composite bodiss* ä|. 
»oil as high temfifiEature pxid&t:iPn, ires!stance 4£ the 
latter. : Ä^ä-ist;Ieai..c^einls^^y'si mipv,o&Qö$j.». and r^dlp« 
graphy. methods ••»ere tised for the- •ihy.^s^jja^ion of in- 

,J«*?^. s^JBGit^se^ opgpo;&l^l:on^ jgouhdhess»;_ahd hprs©^ 
.geneliy^of-  the"b!od£es,* ./*"-"-" ' -- " v _---.'= -;•=-• -"  -"""*"':~r .:  ' 

'5> A correlation of 
methods as related to process 
ppsitipn. of the s?Keietpn.. siajfcf ?j 
ahs-fche f Ihal -ppmpp>Pie body. 

ei determined by these 
spies» and the epra- 

> inf.lit rant., type- - 

^-^ 

'•I ^1 

•T2':-^ 

^^^K^p^as-, uHX-.--.'-.-V:: 

v-    =>-t r* CA-^r-^? l$& 
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•X p$yj^?mm &W; PROMOTION 

%M%mq&m -FOR MAKIHö TEST . mf& 

SitM to '9 ä 1/2 x l/f£ iati... Sin- ääö'6><|a"ne«s sitk the. •Peo.uiPs 
#önt» o.f, prtsäuc^io.ji anil ;j»s;tisig ^ülpft*tt|..-Ä* ##il - as- 
:©pnt-rs©'£ -a-tÄeir&at&ssä*- 

used during „tfei« Inves^gätioh Mf^SL *ixö i^1" 
'~gr,¥fiffa,^lärr aio~t&©ä~asid~'-tW ' mega^F"'""'" 

VefQL sss;thodö' of hot-pr^ssihg and oold-presslng and 

^E# nature p£ tfe© eontrapfe end typ© &£. wprk j£#©.eg-—-- 
sitaiwM IXsiting the investigation fco tii;aniu® ©a^ids   , 
äs meat pröEälaing, for tut ref smö-tory äetal ©aroid© phas®, 
»iid tp seleefc as the metallic ini'itfcfaht ©r binder piles«. 
the, nickel-base alloys' Xno'eneiL». ftiph«oms*Y, Hastelloy *Ü* 

\afäd; th© Int^Kaetäliie .©ömppund BiAl» 

This method consisted essentially of predueing a 
pprotiä titanium cärpide skeleton body by hot-pressing 
titanium o&g&idepowder to.«hieh approximately 10$ ©if 
metallic Mnder powder was •admixed«, to a density' oi* 
6ö to ??G^, audj duping a subsequent» separate operation, 
introducing the mo!ten metaliia inflitrant. *    — 

l.>vT:S^elgift;onr:P-^duet-i-On  ..   ; "" 

•a» V-oud&v- preparation   - 

fhp fcltssiui& pa#bi4'a powde-r* as standardised 
for' th& pppdusfcioh ©X tost Mr skeletons.» psa= 
siste.d /©£ ovamerqial .grade- titanium ©a-rbi-d© ponder, 
«eat"treated undo r a M*l£ieA/hy.di?ögen jtf mpaähe«*—-. 
at•* temperature in excess 6.f ,3000°p> . £ he resul- 
tant ©else -was- then oomminüted to It©?mejh ppidier 
•by .©mshittg.*" Heat'-tpea-fcing ©f tM «©^©rciai 
powder under a nitrogen atmosphere it temperas 
t^res up to 420|)>e£> did not result, in-, £p iaprpve-r 
aeri|-._pve:r the ^d'r6g^*^«&atHt^a^ia4:; typjl- ©£ powder* 

'^.additMn p-f gfi-'ht- alüssinuat 'powder to titanium 

^AÄ;f^E^:§2^92 
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.easbi'4% and .a subsequent .;heat-t resident uttd.©? 
ited :hyds?©gsa.i^ 40ipGoF did *o\~ S'0 1-!i©'i»" 

result in; ä jaotiffeablA irnpröyesBeiit of the prö= 
öJKPti*aVöf :tM %e:g-t. :bWs JöP f&sllltate their 
.p,ro.du©'-i 

b/^JStLähdard Wötbö'd.öX.fes-t Bär Skeiarten ^reduction 

-T*    • fhe teat baa? skeletons,», 5 :? s/9 x 1/4 £».» 
-35t-je ;i/2-;x?l/2;in* and 9..* 1/2 x t/% In,.-* were; 
•pitp.daei0ji.b3'. Aonupniienal "ho't-pre>sihg tecönlijueS' 

:iYf>,-gi%jpni%e;^öiÜB ^£H?ö.^4©•«öäh ~h?»v^Wwfe-tSv| £%*•_' 
^^^^i^^gbi-de^-j^^df-r; mixed **th^ |0$ nicjkei.. binder»' 
Fi'gsC "liawäT-Ä abw "^b^£i»'pnT«eT-rao^a'assembly '"anäTJ 

the. .finished: sfe©l«tän $Pr tup--.? 1h«. t^Vbär'* 
- ?Mj#:p^et;| wiy«   1!he operation consisted of forcing; 
the two punchaa |A and. •&) into the moiö case (&)* 
at increasing pressures up to 1500 psi when the 
iaaambl^-iad been .fcgate'd tö 29Ö0^30QO^P by a «fcr* 
rounding: high...fyequssipy,«oil-    ^he punches» t-pftvel^ 
.iftg"afoag a: tappyed keywäy in tfcp mold ease» ttftiis* 
4;at#d, tbe let egal pressure öxer ted on tbem by thÄ 
•p*ssS' into.'4 tir®ns«är#ö.pleasure-~en"this pesd©? pen* 
tained in the mold (c) between the punches.    It was 
found.4äat;'0esit results of infiltration ease and 
structural uniformity were obtained by holding tbe 
;pr©ssurp at .the .ppak" temperature for a 
period Of time in striet r©la*ien to- the 
and-.mold si&e*   1?he skeleton bars- warp pressed to 
a density Of 80 to 7©Jr«-.  Th@ ^.ia. long barf- s?ero 
ground to oetagonal exwaa seation befiBre impfegna- 
tion«.    Het^praseing of the skeletons under nitro- 

••geä p-r a subsequent heat treatment under nitrogen 
.did not result in any sight fieahvt ImprovParent • 

6» Sfeeis4ön Strength " 

A series of tests to determine the modulus of 
transverse rupture- of skeletons composed of titanium 
carbide with ana without binder» both hot^praaaed•* 

--psl^^rs*,9#'d.4nä-«int»»ä'.da- and. botrrpressed and...sih^-~: 
terad- £h Horblaois under desiccated hydro-gen» were 
ca-ri^ed-öuk*   fhe reason, for the above tests7 lay in 
the belief that the skeleton strength 

3«j v upon the strength of the f l; "COul? 
body. - it was found, that; - thp bara/Äadp from . 

/binder-free tltaniusi ©ärbf dp, werp- to:©' fis^^ilp to" be _' 
tested''*:''-Qthprwi:^*.' thp^m.Ptlio^.pf mänufacjture speaied 

^le.jf^M 08^02; # 
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to .have- ho appreciable effect on £h©: oSyshgth ~ 
with the exception, of an improvement bysintering 
In Korblack under -a "hydrogen atmosphere above the 
melting paifei of tbssjblnäer subsequent, to hot- _ 
pressing»    Table I shows a atypical eet or values 
.'for gkele&ond with i«/& fcefcailio binder as tested 
at room 'temperature -'=»{?', at; 2-eÖQ°F.    ITh© increased 
atrength of the sinte'riid s^^iötphs: Is beXieved to 
be due to. an. iiioa?efte* in the _e ffectiYeFi.es a of 
bonding Of the titäniisfeJ&Ärfeide particles /I5y iTde •' 
nickel '-MB accomplished, by dlfiwion process* 

•all? to progress; farther by p>©Xah.ged sintering 
abqv0 binder ^i<jüe"fae$i§h..» as 

Compared to tha/-shVr-tw^ " 
to the same tempera tare during hot-pressing« 

-&% ^ ,t©w 

m. 

totory ..Metal.. Carbide •if* 

it 
m 

£ number of methods öf Mpreghätihg the re- 
fraetoi»y metal carbide skeleton with a molten 
metallic phase were investigated for the purpose 
6t finding take method which would result in the 
most homogeneously pohetr&ted pore-free skeleton 
Of optimum properties. . Ail impregnation opera- 
tions- were carried out in hori^oniial ? graphite^ 
tube» high frequency heated fu^aoef under a 
deSi« All molds and 
mold investments were made of re/dfrectory or re^ 
fractory oemeatts;.    Aside from fee different 
method© p-f- infiltration$ the effect of penetration 
into and dissolution of the skeleton by the molten 
inflltrant was Investigated rela-ti&e toi the tern» 
peratu;re _and length-.üM'time of infiltration ft    T&© 
following are the primary methods of Infiltration 

ill fmnav;«rÄ6. Ö.aPlll&ry infilt^tion Method ___ 

This methpd^rovedto.be- the most .sg'tia- _ 
factory and was consequently ädapteö as the 
-standard. -&#thpd for. production Of -the -fl in. 
type obtest p%fs; t.o'be.delivered as. specified 

> by 'th'e a£gx$räejf«--.1|*i thif:''.me-tho.d.. the skeleton' 

4 

il 

1 
J] 

bi^^s-s^pla^d:HbSyis. -ceramic cftieiBie -or. vess^i 

^Müß;'Tm^-52*a(i8 3 
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and the.proper inflifcrant allotment» In the fop? 
of ,»t?ä-p .:0a?: shbtp plme§4 on top or'bottom.*.- ör 
both» -Of the bar.    daplTiary *uröe^.aetivat.eä 
infiltration of th« infiitmni Into th« »kalsijoh ' 
than occurred, during heat log of the assembly for . 
times pt en#. hour or less at temperatures above 
the rasiting point of the infiltrant.    It was     - ; - 
found /that, teat "b^ärsOcf a Jl/SLx l/£. ih*.-eirpse. 7 --" 

. section exhibiting no ma&reporosity* li'ttie or; 

no_^i«TOpe:B$*i.tj., &&jk a .generally aa^isifefftor^r 
"wiixOr^ity of- •£#«$>©>£ tep:7 in the icngltudins:! ;  
.. dlres'^*on.#. $euld be^prpdüeed\1siy -this method with ; 
.most 4h'fllt^nis^7p-^'^l-<l@ö "the skeletons toadr. ; 7 
;pre^i;öwiy';fe#.en properly p^pa>md äs described  "77 

sic vessel -a^ter,^filtration.. It-was. found . ^a. 
essential in -this, sethod that excessive ..diseo^ 
.iutlo& of the earbide skeleton should not "be/ ..__._. 
alioHed to ocottr due to prolonged time -ait' inf.IJ> 7 
tratiön temperature and greatly excessive ftiaounts 

. -<|f7 infiltrant. HgS» A >and ß «kot d at «00 and ." 
120© times ^^i'f^oäiien.,., rssp.eo.tlv#l;y9. the oore^ 

sies r?fröe s-tfucturp #f" 
Süä ©aröide skeleton infl 

^C1* •    fh® msorophotogK 

'free* virtual 
a: 3KW@M£. döhs'ö- 
tra ted with 
Fig. 6Y of the same specimen shows _thc relatively 

.uniform structure of the specimen throughout,* 
' 'F4-jga-.* f.f •(&?. -and § ahm .the m&cste^änd -massiv 
etru.e;£urea of «• comparable test' specimen .infil^_ 
träte«!^1'^, Inej&ö©!-.-   Is this case--» although 
there Is no evidesso© of coring Or other aaöro- 
seopio hon^uniföriöity, raicropörösity could not 
ehttriay: be ©liälnated».: Stable II shows th®' effect 
e;f #&%44lr««tion -Of infiltration on -the- modulus   "• 
of mp&rr© values» and the effective elimination 
of this phenomenon by Ihfiitratioh from two opp©^» 

.-.site diroötiohs.    Fig. IG show» the variation in  .__ 
modulus of trans-verse rupture over the length of 
a ground 9 In. representative $tress rupture Bar. 
The variation in properties can be presumed to be 
.caused by local mlerepp realty areas« - 

£g] longitudinal Gsplll-a-ry InfiltrationJSetnod 

l?ae p-roceqU'^ in this "method, varied from 
that. ,in 11) by the fact $?hät 'the molten infils-   - 7. 

•'6jääp4r fifif en/by ©a^liiary Sovcs, was all owed 
to ;pene|^tejf?isora one7*f:7böth ends of -the test   - 
:bi»'ri;-*k^lÄtO!^ööly,..--..;tihe.. ?sj|äeje of' -the skalretMr iV -1" _- 
b.*lng:' blo^|^d:-fi^:Bpn^«t^«i^ 'the molten fe^ ';• -  I 
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ID. VARfATfON   IN   MODULUS OF TRANSVERSE 
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fil&rant. Jäy a .öer&M4jö.ase.surpöundipg the b'er, 
All ^skeletons  thus infiltrated öhbs?eö pronpüneeä 
variation In -tfre degree of infiltration leading 
tö s praetiaalXy lafiltpan-t^free structure 
within.£ne and ä half In. of the ®nd in contact ? 

WlJsh the äöltenin-fiit^ant.Jatld Exhibiting &t.^ 
.the. estäs slena; ,p£ severe ero££on and 6ä6:e.s..s;ive . 
digsoiution •jb-f the ekeietpn.» -. \~ -:      " -   "- 

ISJ Horizontal Dip. $33Pt»egn&tiph Metnpd 

This asethod consisted ;pf preheating fe.VV 
":sk@l;^tön^.fe:r^2C-' to- S'Ö'^^n-^^ä-^«^©^^*®-.------—- 
-slightly~Äi§f&6 th^;.^fitiKg Joint.jOf Jhejinf IX* J.; 
trant anct subsequently pushing it into a bath 
of molten infiltrant located in close proximity' 
to- the skeleton in the same furnace chamber* 
M.thoii;g^ nö coring effects were noticed* tränst 
v#j?ee planes of -high density, isaterlei* which. 
proved to bä «fee to Itransverse ö;*¥okalJ.i:i-J;her \ 
Skeleton t prodUeeti by the£g*si stresses upon 

• Isgasrpi-bn into _-t35-e si©i.ten inflltrant beta-,—,     - 
always oecarred. tbxis tsaking the production 
pf isotröpie coj&ppsite bpäles impossibles. 

t4) Pressure Impregnation Mstfeod {Eransverse) 

_>ta6& pt-nsisted of encasing the / 
skeleton bar hprlspntäiiy in an^in^-esÄsenif- 

eä|te which allowed the lnfiltrat|t to come' in 
e.pnt&pt with the bar by ärean& of a sprue along- • 
the bottom of the skeleton only.    The molten 
Infiitränt was conducted to the pprue fro* a - 
reasF?©ir above the bar» thus forcing the 
molten metal through the ekelet oh by the pos- 
itive pr-eS'Sure of a head of nivlten fa-filt'i^nts 
Äadiögräphi© analysis showed that the infill 
trant penetrated the bar along preferred paths» 
resulting. In a non^unlfor® structar® and com- 
pösi-1 

(5) Pressure ljnpregnat4on Method ;{1^nglt.ud-inäl.j: 

•Ehe procedure in this sethod «as similar 
%& -that descripef in. (4) with the variation pf 

..ailowing the Inflltran^ tp penetrate into" the "• • 
•-8k#le-tön ^fr©.&i <©a0.-en'd or bo^'-endlB. pniy» "th;i|:' • -- - 
"•:pthe-f- ;Äini^/.%i?'ing^i^kedjp^v"^' :K '9&^*'^v$*f!?-. 

-•33 

:i. 

wÄMrf(^r-p^2r m 
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surrounding the skeleton.    Fig. II ;«5«» *??J£ 

Si longitudinal, direetlöh Q* the impregnated.bar 

**U reduction in strength at the entrance end of 
lä« skeleton fear was. found by ^öiographi^and 
Staiiographtc study to be due Jo ®x0?|^v?w^?t 
«tea ertslön and solubility In the molten IftflJ' 
T^ftfc» th(i öäuäily sever® reduction in strengt»   - 
l^thl opSoelte^ehd was -found to be •caused **-&»_ 
Ji^?SSSJfW* penetration of the pp»» a**uc- 

„_- «v^~   iC-v 

"- "r-Ftorthe. reas.öB* e?" the struotuTai and «^JJ^: 

lSclLnB.öT i*f***M»** uniform WPJ^gg*^**^ 
K« «urtänfäd far anv of the techniques describe«, 9*39? 
SsÄ«£ ft*.*, **Ä *»* aeoordlngly adopted for the 
nine Ih«_ test spectiaen preduötiöh.      ...._"    _-   _,. '] 

/l^-ln-filt:.?sÄtS' TetteÄ        ..'._. " 7:\. _\. = -""?.'.*! iV.'r-^U.. 

*hei tnf lit rant s tested were H^teilOy *£*VJ**' 
...... .•*;    tilt«Ji    and th£ Ipfcew-etälltö compound chrome V» aoonelr«QaxB8 ^^-,-^-     .   . , aoäü^ -    ~   - 
M&l-   -«aale 111= shows a rep*esentat^e set fi ^o^ 
lus of rupture,  duotllityö and oxidation-res*sx»no| 
data for titanium «AIM skeletons Impregnated;*!«* 
thS/lnfliSrants/   On the ««ns^ of thj|e; f |* ; 
llÄi^lmpraghated bodies, «ere ö*»iP^«J •%*%SKJI- 

tioh resistance.    However, *»^J5•;j•5 ^ar~~" 

5 ?£gs8iöffiätrlc ratio te %1, also were not sue. 
Oessf^l.    The temperature of inrii^tlon used for 
K1AI was 3i0Q-3ÖOD°P. 

Although *oth Hastelioy *C* and Mohröm© V In*«* 
tinted l^ctrMde skeletons with greater jp%»J*^ :*?****.5^1*."r*. *.*—ü^.. ««* ^.i««ftl.w.t;i.on of th©__ titanium._._. 
Salld^fihSnerwärultii^ « «gg*J , , 
for the nine in. test bars Submitted as specified-to th« 
fontrilt; slnle this infiitramt resulted in compos Jte^ 
t!itnlum?eaibide bodies with a comb««£***** JW^ . 
and chemieal properties superior to tho|f o| titanium 

;    .oSrbiae bodies $nfJ;itra:ted with the other aHoys^        ^; ... 

71 

... i~--_~ 

:^SMSV1 

i^m, 

WÄ-Dd-.T?:,^ "S2^92- 
- • ••^•"•^ 



V II 

»ADO Technical Report  52»92 

r i • 
- - -*« 

s     • •r     R. 

1     I 
FÜRE AND BARDMESS OVER 

LENGTH OF UMJDJRECTfÖNÄL PRESSÜRE- 
IM.P:R.E€NAT;EÖ TITANIUM CARÖIBE  BAR.. 

b!R'EGtl;Ö.N Of 
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B» Conventional ,JLOw-ds? M^tällugj^'1-^äl gfgtfePdg. 

"!""• Ii&&2£&2£&.    -    -y    . 
l:^ was attempted to produce 4©ns.#Y uniform bodies 

p:f .asT.f«3ip#si'tion Älfi-aei^ similar to th»t of infill 
trst-ed JbOdiesi by hotrpressihg a mixture of titanium 

 ^;3scsfei;d<8t and metal:,powders•«" .ä typical composition» 
,ia t.ei#it p©r©'öfs&i~ was ^l^til^:\-ißH^id^^Ö>6r'tttc^fl 
•4© .*?•». chrWiUi« 4V?V   $h© pressing ;wäe\ oarsiiMä put in    / 
öönventionai graphite molds under §' reducing furhae© 

-^Jikmp.spjssy^ ..T4R\feö^550gP^*_. I^jgreved, ,__ 
- impossible fco ecnsls tenfciy Pi^-duo©^ wholV speVimens in"* .- 

this manner sine© the excessive amount öf bj&der was 
squee&ed.intp the mold walls during, pressing and caused 
the oars to "break on subsequent cooling and extraction0 

.:MEI 

;-©• I? gives, the physical properties of a 75.? 
2.0.r§ #i-ösa£i6-r |percent by.wpi^fc/ spee£men..   as. p-r^ f. 
ducsd by hp^presrSing..    This  tabip -also •shows physical 
property vaiues of hpt^res-sejd specimens  subsequently 
infiitra-tedo.    It can be seeri thaW the Subsequent, Sn>" 
filtration is.proves the strength properties signi» 

^,*»4.A- .~-JU*S.    - '••..- • __-_ _j . _*       "_-       -,   - -  », X-J.p^i'VJt.J *      --~ - -- —-   "   r    .     : : _"-.----- 

f'he. hot^press method was not considered to be 
6:f sufficiehtt merit for the production Of pomppsit© 
•b©d"i-##' -f&r eOiaparig'©» p.urpp#"DS.> dUP tp the. prpduo-tlpa 
difficui&ies encountered and the relatively inferior 
physical ps-op®*tis» -and density obtained, -äs^compared 
to infiltrated bodies•• 

; £f& 

?in^ and. Sintering 

To facilitate a comparison between the different 
methods» an investigation was then carried out with 
composite bodies*  consisting of titanium carbide asd 
various metals as binders» Of compositions .similar 
to those achieved by infiltration» by cOId-presslng 
-än.d. flintB4*ing .jnixtaeea. ^...£heL.p^jdarjM--^ng-rejai^-M4:.... 
Al| sintering was done under puri.fi®.d atmospheres 
in graphite tube high frequency furnaces.    Various 
ranges Of compositions were investigated, and test 
bars dupliCä^ting the compositions of composite bodies 
infiitranted; .with Hkst:eii-py "Q*, Sichrom© V», arid . - 
inophel were produced..   §he most suitable amount Of 
titanium carbide was  found to be  60^655^'•'•by voiustp. 

m&W'$$fth-&£*2Z: -S2- 
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e£at:~ 

A typical composition in 56 %._ wight is 5t>i4Ssi0: 
'TlCrN3.:Cr.,    The excessive amount öf binder caused, 
in most cases», the specimen to Dusker1 end warp 
during sintering when oafried out according to .ooh^ 
vehtional  practices Of sinterIhg above the li<|uefae- 

. felph temperature of the .binder »Vipy.«.   rRahges öf 
'3;iat.ering time and terspereture were inv-eet'lgja-ted  ... 
for the purpose of finding the best production pjpp^ 
Cedü-jej,.    The use p-f ,hei£u&,wet hyarogeh* or nitrogen 
/instead of the ^desipcate.d.hydroger. usually employed - 
as atmosphere during s&htering,  aid. hot result, lit !--. 
significant imprpvemenvt Of the prppsrtisis of the-.. 

~&pec:I:3B.n r — Ta"b^.0" • t%" shovirs*^" the. 'mo'dulufc of rtr^rn'sv-piss.©* 
rupture of a *?5s2Qs5 TlCHlliIG.r \% by'weight) specie 

-T&- 

men %§ o 61 d~p res sed and sintered.    The epecifnen, 
produced in this iaahher usually displayed good   . 
ductilityat elevated temperatures in the tssns«- 
verse "Dend "tpBt  and. genersli^ modulus   öf  pup/teire 
and other phyeiealL.. properties .superi.gr ip those '.',' -.- 
6f hpt-pressed test hare ».-but always/ significantly 

. inferior to infiltrated ipeeimeha:»,    Reduction ©f, 
the titanium carbide particle sit© by prolonged 
milling of the powder prior to pressing did hot 
result in a sighifieant improvement of the phy 
slcal properties^ of the test bars.    The final 
ppdies; which were presintered» ahapedi and 
sintereö under deslceated hydrogen slightly-- b@^> 
low the theoretical melting point of the binder 
äll-py to avoid fusion e l&iig-terihg* and. e&p^ssive 
deförraatloh due to overheat ing.s were -usual.! 
.about 90^ dense* 

SECTION il 

OXlDkTLQn  SCREEN;« TESTS, 

The oxidation tests performed oft test specimens 
under this contract were parried put in a manner 
oped and. standardized during past researoh projejotSs 
fhe data obtained is p-re.sehted in cPmparispn With that 
pompiied for the. commerc'lai. cemphted tlt&hlu!Ä .pä-t^lda- 
grades; k^l38Ä afid. K-151A *. -und#r the äuaipleeft of\ the. ,• 

^l|ateri#is',»;l#_P^:r:atpry:,.~Englneöüng. &vl:siph ?, .^•i*^Ma4e;rie3;:, 
:.6öttimänd._4*..;. '    --"'.--/'   =-     7.. ""-    ..•-.'-    . '._.-. "..-^ ; '^ ;-*._• ..-.--;-;- .i-,-/. 

•m 

^-m fm ana 
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&• 

ln * ^~*i* mfZUf^^ ^ specimens f^g*hSKgr- 

,.   .   primary heäiiit« ;flh+s.t~^   >, 

eaImehä,:*Lr^S^:^W* on the eurf^ca nr ' Jtl     '      *^'®^  Of öxldft Äa.»*"^'^—•*-1^"'9X*3a«*""" 
to 52 tf^ fc^eelmeha^--«ö-ra  fS^S S foi!»a^ the 
nfttu«* „* *h° «S-$22J*e *••«?*! here.    Tbi %$£H*&n*?**+ 

pamtive 

--9- XS 9 

for comparison nii*»ösS•       ~   X°L°f &%S& and 
-       -,w oxidation behavi«*    i*    **g*.-I5 shows the em» 

9«- study reveal* 

J(Sf«i 

fusing *ÄäÄtuSBfiaS*s mt* <* exiSi*iör«SJ|2* 
•h«««<     •;     titanium carbide »«.»*•-    *wteiJL-©y "ö®- 
other 
-v A4»^w  „z  ,^„  — „... .-,-v- -.« Vfi9 range of imn 

gBfW rapidly above e 
th 

SfÄ*°i.'*oml?1n»-tipaü ortttlni»^^^6 ***sfrtiy 
RcnJ

ü fl i*« oxidation »•*• 7S-   -        -he ^ngs of I66u 
*SS0«P, however, makiS *K2*•*****«#**<* rapidly abhi* 

ei^xiy Lpefiol^l^^^1« *«•* found fen h* , 

F^iTx-son of the öjcirt«*'««« '«;,:.   r?*fl if I shows ä  «i«^^    ; 
tester: eTiöha**?fi -     70n *°*»**Äir of the 'SyÄ*^^a* 

'öä'f»4:- 

^;fV:^S2- 

X^S'. 

=5 

:#» 
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TABLE  V 

• ^gay-M.-f Cragtlga Säfcä ,(4 la, A-,},,- 

|CuK«: radiation,   film sMc-läöd 155t älümi':hüni foil,  tiröe pf 
exposure., 3 hrs)     -        7" ;     /"' -    ^•^-   •-—-    - ,...-,- -.    _ 

Oxidation Product,  Iracditei>- 
Inf'Ilt*äte.d TICJ-r   Ki.K8=t tayer 

'-JilSSI 

4 *7? •• * 
4*10 "*. 
3 ..67 F 
3.«52' : * 

*1&' «ä'TB':. 

.5i:*Ö8 - -'S'.' 
2*9^- TA' 

2.705 P 
2 »512 ~FR 
2v4©8J N 
rx --%cw JTL* -   - 
a»  ^C'w t» - 
2 .293 R- 
£»201 FR 
2 .SS§ ÜR 
"X.337 F - 
IV694 ER 
1 •652;6 R 
r«Ä R 
1.483 FR 
iv*77 sf 
1"*4B3L 5R 
i.#62 e- 
1.35© FR 
.1*312 F 
1.258 MF 
1 £%& F 
1*205 N, 
1 *188 F-. 
1 .162, ER 

-1*160 R 
1.138 F 
1 ao2 F 
1*085 R 
1.075 * 
1 »055 F 
1.045 -H 

*67     F 

,    ^#a •öf it 7-7    ; 

2„7QB F-7; 
•"•   727, iSi§ FR 

;2\ .4M N 

- 2 H 

--: .-J%: ÄÖ3 . FR 
*os7 m 

JL .837 •T3-    - 

-   -   -.        . » - .«97 FR' "" 
.-    -   -   ,.!ä- .,624 R   - 

.    1 .000 F 
X *486 FR 

~           X~ .»47ö #   -- 
•#5^ FR      ; 

"1-.348 FR; 

---  _1 »S14 P_ 
X »258 HF 
1 M&&& F    - 

.  1 .SOS IT-    ' 
1 »189 :F~ 
i 463 FR 
1 *150 R 

*-iA ' F 
i .101 F 
1 *Ö90 R 

1 ,.Q55 'W^"~ 
--:      1 .*ö4'5 -K 

ill 

AL- 
MS 

sM 

K-9. line balöings tö NiQ| F* line.peiöngü tö  Fegöl*! &_« 11-nä- - 
belongs ^ '.   ' ^   " 

TJieseV 'Ijfchea\ &.?<& cjpnunon ~$ö: Jal'lTjijJC. •'Qö.fflpps.lftiötig" li#tiöä. 
7 In T'abl;e ^M.y pä8<äd'7pn fcne- .reia'tiv,ie, ;M;|ehs:|"it|e4, pf .peppf* . 
, ;,spri*a4ive- .llneäi^the' .fIps* .'lay.eif •öxi;ä:e^§:^odüit-ti. i^. •c'.lös-es'j. 
7^P^iyöfee*'|^-^pä^ •c.pmpofeI'tIpn':^b^,-.^r.

: . ." v  ='_* -- ".<7:""..-/'-'   f7 
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:* "-£&*•$&*« tla 

- S^s'eiBiens p.f ^itählüra e&x'biäe inf lit itemed with 
tellcy ^C'5r .and ijacohäl TRöPö ösläiaeä by heating thesi 
a 'stow et-pea»; of esyjgeh at 2250pi?...    Th# jeäüXiirig " 

t ®|>i^the^sÄä|>ie" fps» l^ray examinä^ipn*    Whiiö   - 

ssi"p^tw&"~?K"?>"~a   w^i"-"^^~    ~~- -• -•** — - •- -  - - 

Has 
in 
pxi 
tes 
tfoe 

* Inppnal produced pniy min iÄSe*?5iS* whiöh 

B- JALA 

v¥t -by"*5-* 

9^1% 

Aöäly-seä'-^f_ the- vai»iovts ~"_©xläe-prfcjfaöt»: wsH, äSriflfär" 
,_...  ,jy"X^^äJrf - TaMe- V iö# eömpÜläilon of X-*i?ay data 
obtained for the oxide layer of an AnOonsi-infiltrated 
^peei-mefi.    Table V also shows  the data obtained foa? a 
synthetic spool ässh of apparently similar Opmpositioti.., - 
Table VI gives the analysis Of the »eriee of syhtheti-o 
spepiniääs analysed for comparison purposes *    Aöcörd* 

sm.vz 
- — — 

a.. 

;. —;.- - -"-- ~--~ z=-_' '_' 

Syhthet101. Bo dy          .1 2         3 4- •5 6 

-'-    - 

Nie                       m 

Ti%0i(rutile)           25 
iner-t Material        lb 

310      30 
30       40 
30 <   20 

~W     10 

30 

ii5i. 
JO; 

30 
so - 
JLÖ- 
10 

20 
.60 

IP 

coefficient^ Of_ f herniäi .Expansion 
- *"     '"" L~ 

«Da.T#tß2^:' .^•*3J3::. 

^i^SSS3SSWt*K»w-JS 



8BBM, jjBgtMHM««-a~«nJ. 

SS«^ . 'A'CSI Jw^ifl 

!<•) 

w 

in theT con trä-ift spseif ieätions *  i ,-e»» utilisation pf .-a 
syntheti-s ba^T.^je- similar e^pej^It£oii.$ -©a?- 4«lpMtJ>'. „,„_ 
pxidatipn:of'a th|:ni wafer bf the infiltifäted «ateriäi* 
were abandoned. • TÜf use"gf .a esthetic body identical 

'thifc natural .oxide product seemed Uhsföäs:luie"., •   jp,'. 
4aj"«is fpuhe! tö detefBfin© the Pomp©»:!tiPn p 

strucxüre äüd effect pn the physical p*ppeptl©# pf the 
«ppegäte- tr'tfis löf' of ytoidpii-tlf'i^d 4fiattsr>    Fftr^e/T*- 

-   -th© -»xse^ physical 'st^ctucpe and: phase &U#trlbu4lpfc  . 
pif £ke actual :oxida • fiim.i.    it jBjjL^^^^sggLä^^p^&iskst- • 

~;fchsirH;"h-6~mii^^ arid any pfeasiblf 
matrix. •£©iTOatiph,,,,l-a papti.cxtlar? häfr a significant 
inflüenCs on thephysical pyöpejptlee ö-f the aggrpy 
A :,re;li^lsl;S and-s^st duplication, pf this sspan&ion 
characteristics. Pf tue sa/tür«! oxide product In such 
a synthetic body saems,  therefprer hot feasible. -'.__-' „= 

expahsl;pß measurements by ä eoiaplete oxidatipn.pf a. 
thin wafer pf Irftitt'Mtdd titaüii^ caphid© materlale 
were equally unsuccessful..    Mg., is shows macjposeptlong 
of two /speeifiiens o:t 0,090 and 0.060 in» thibköessf 

third, specimen &f QeÖ9Ü in, thicSöiess which was ©xtäiz©d 
in an p.^rgen stream- t&» 18 hrs at 2S50-F.    It Is .appa- 
rent fron» the fehio^heas. of. th& j?e.s.peptlv-e. oxide,4a;ypra -—• 
XÄppröxi^avfealy' 0,0,16=to ©.OS6 in.)   that» -from Vpräc- 
Tilpal point, of view*  e©mplat.eiy oxidized specimens pan- 
not be produced from this  type ,•'-©£ infiltrated tltaniiim 
carbide.    Since the rats of increase in thiclmees of 
the oxide layer deäreäaes with time*  the mäximuiB thick-* 
ness- bf the layers cannot be expected to exeeed- a^p-pex^ 
Irna-telT i/32 in* after" expo sure to the .most drastic 
oxidising conditions within a reasonable per-iwd of tiss* 
The production of specimens of a  thickness allowing for 
a complete. Oxidation throughput the specimen would be 
prohibitive from ä  fabricating -standpoint» since it 
would require a metel specIineft.pJF.^a• ^b>ick|i•«s#•--0;ö»säiä^-- 

" 0^»oly ^as''feHan'7th'e final o^ide; body Of an apprp-xi- 
mate- thlctenesa pf l/lö in. 

-Si^i8^hi§itr^^ 

«: 

f 

s 

a-- 
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.^k#:p-pödtie%i$fe, Method adopted for th© preparation 
d-f-tSt« -W'-'-SMi.. l'öhg' it^s».'»ip'fcü.piB 'fast ba*s" .f-s^sn- the" 
J^f!11j&ä£e& -fcypCof «äte^al -»©hsisiteC-esssßti^lM ©j>- 
Cl £ mixing the: ^%«Bium:.öarbiäs pow.der with: nickel- 
powder miificient fco produc© coherent sjgele&ön-. boäieei 
C2J ß^pressihjf the #ixture lato, 8 in.»- long. 1/2 inv SGw&r© bafc.iitpekf t^^ 

-re^t^-^^S^^aelai: lio increase "the strength of the-' 
skeleton bass further* (4) Äaohinlhg ths ears inte - 
octagonal ©rosts geetionj  (5) ihfilts'ation in -the trans» 
verse direetlohf  (8) finish grinding «Itir abrasive säd 
diampnd tools* "_.;.-.; ^--.'•" __;":.%. -=•-/.--    .--: 

/:-:   £b© production method adopted -#©r -the prep&p«tipn   .. 
: of = the- .9- in» s-tr^ss j^pistpe bars rrom .the_ ainte^#dL tjip® - 
©f ;$&t«H&l öoaoißCwd of |l) mixing; th© ;t£$a»iuB> -©äip-- - - 
bld^ po&der tzith' the 'fflsiislpowder ingredients «ör-res*-~ 
ponding to th© oompoeitioi: of Inoonölf {2} ©öld-oressing 
into 20. in. lohg> 5/8 in. square ingots* 4-S }'&&&&£..-7-~ 
tö 10-in- long sections; (41 presihteringj (5) »achtning 

:"to 7/1 v in» diameter bargf (6) sihterih&i lT£--/*B£äh_~- 
" grindingwith sbrÄsiye and diamond tools • 

'%&s 9 in.. i©ng infiltrated ©p©@im©hg with ©etagönal 
cross sections wer© .ground te stress rupture test spee* 
imehts %s.p©r specifications of th© contract,    fh© finaj •dimensions w©rsi 

—  o^sts i«^^>   - 
* 1.60 in. 

^- 4 in • - 

-3 
•3? 

. -" -   TJ 

: ".'s 

-.s? 

' A^fitAti   ft-«4    aiu>« < -.»«.— 

|£h ©f sps0iiB#ße 
of test section 
down mdiüß of 
•• "test.' öeo'tßon 

Smallest (diameter ©f 
__::.i_--  -   teest section 

•-•_•:;-•__.%_ 

:"--'-i-'S3 
- ---, ??? 

i": 

ia: 

length of th© specimens w«s extended to 9-| ih'e 
—by-bPaa-lng small s:teei   :©ylInders on.both ends»    3?a©    • 

steel extensions were- ground true with the titanium 'ear-» 
-bid©' bars«   -All.grinding. Operatipns wer« oarried out son 

„*tM lathed'-•,;F^tg. i'7- -shows-two fihish^ground »tress' rupture 

"_'-<;•::T:,'" ^^>> 

si 
_^ ;-,"v>; >.^r/ 

[^^^S^^^^38^.-  
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•/--• 

mwijsa V 
TBSM&L": SkplKTÜSSfi?^ 

•_._.-.,.';     An appa^tuf ??äs- built for the purpose of. sub3©Ctihg 
..^$asäs:ä _ rupture ^spAcimejaj t4 the/joel" .shook'?. ..I%5,». .-M?', *Ä«#^. 
l^e^kp^rinj^n^ai "sjilb^ap,»..' .§§£ ^.i^e^J3iL^ •f^f^'-Sj^^'^-   - 
. &f~.'Stm: test .s.p.©c~lmeh WAS "sü^j^ö'töä" tc; ihe3hp-xngement~ oT ~ 
--".:^r--f3fg%e pvr&d^ßj©<äf s^-j£hecombustion ö-f .an e^gsn^^tafeuräj, .    .' 
^ga/ä'rai^tui'e in""'£ torch,    The t:einp©:rätüpV.-Wss' rneäsufed by 
".^ä:JFt^^'t^0mö©eupi©*';ät 'the side opposite the fläme; ,im^   - 
;' jpin^ement.    After pe&öihteg the testing teirlpcrätttr© within 

tur© wlt^Jh Sö=4^Ö "&sssh7l^"o# -dSp©-ctin^/at'Mt;;ft?ä'e«"oTV : 
the' spec Ijöenr twö. Ätr earns, ".of- b1t rogssir g= s £.. «*&?'•? s*glhg at 

' the hot Center of the bar.*,    The test bars were, subsequent 
tot thermal shock testing at the :%«operatures and for the 
number öf cycles specified ih the obnträöt,  tested for mod«- 

. Uls£"bf..t^hs^e4?se rapture at -roob temperature» '.'----•-- -.- . 

'. 'Figs». 19 and 20 show titanium carbide stre]5.S\.     . 
ha«__i:»|»«i «öseimans cj^taining ^46hrom© V- and^ii|ts;.&ejLi..oy_-^G**. 
respectively, after thermal shock testing*    The early and 
complete breakdown öf the Hastelloy. ne.n--ex»n;calning "specie 
men due to Jiuriiing is apparenij this behavior of the mate- . 
.rial was responsible for its abandonment for further tests-.' 

Bo Thermal Shock Testing Data 

X« Testing; at 

Modulus of transverse rupture: type-tmt bars 
from Inöonel-infiltrated titanium carbide Were sub- 
jected to successive thermal  shock cycling at 2500°?. 
Mg, gi shows th© deterioration of the Specimens at 
the flame lain' aged c^trai portion d^-e to sei ting ?f 
the infiitrant phase at this temperature.    The brown- 
ish wrinkled film appearing on the side of the flame 
impingement after one cycle developed into large 
blisters and cracks on both sides of the specimen 

1 

i 
-L*.*.^.U..    ~«^.'t. u;««.   -5»»rViM       ^««1* . ö^ffl—Jklrk j&- 

Criterion of failure. Subs ecu ©htljr» test s:peoi$iehs 
«er« thermaliy shocked for 1/4» t/2, and 3/4 of'the 
number of testing .CycieS which .produced failure? 
i.e.*. 8 * "4* -and"©», respectively * and. tested for "; 

XgK^pu: ^15:iv:S2i92; • 

•i»[^^;(:5^^'^^^ 
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modulus of transverse mpturo at room tsspsrjtujs^ 
Mmila* tests pa siritfered bars  resulted in ^g^fp' 

and definite erosion along the edges, ef *«» »•• IT 
mrt©l= eight oycles-. -The failure point was  taken as 
eight cycles *.'. :-V ' '. _        -.-.     _._„.._-: 

•n%e test ^eät0^ö:^s'^hpsn föi^öi:h.^typ?«- ö^T•- 
^teÄBi-amg> 21 .^hlbitlng. the 6^f JH^

Q
^O16B. 

the ***öi-<m» a.fter dSffersn* wnfevx» of jshjo*^ple— 

vaSyh"orS¥*Ä^^ specimens beipre" *lW *?** 
:©* 

•TSe.-t'e'^t-TB-i Indl-e£;t;©&"ths4 "the-. testing...., 
*aa too high for mis. tyfff "" vsmjyeratu^re öf iöwf «>««  ««- «~o-^ -^ -        = ... , 

Fig.» 2$ shows the deterioration of the physical 
ntrüo^ture pi' a, tes-tbär shop^pd for four cypi-es •&% 

""?-.    The-. center of the spec lrr?eh=,  i #e*»  the "!**•• 
trly shaped edge.?, shows' the  formation of a porch? 

»^~«£u-£e below th^ surface blister resulting from the 
melting of the inflitrant» 

2> feati 
Ts eliminate the ill effects paused by pverh«atlftg 

:St?*SS alLHhasc ,  the the«! shocking temperature 

leih from Fig! 5»., a shock cyplihg temperature of 
llolol^tiirresulted In incipient, fusion and conse^ 
Itlnh slrfacc ^inkling and deterioration after a 

= sihgle cycle* " .- __-;-- 

Thermal shocking at   th* testtp« *S|f!^JL°|e 2300ÖF, however,  did hoc  indicate noticeable «J»*« 
deterioration uhfeii m cycles o.f testing f.pj bpth the 
ft! filtrate* **»* wintered test specimens U©e F^g. rfSJ. 

ill hStcccur until 120 tesUnsr^foles,    Table  «I 
shows •.the •mpdj4^J?*_^iii!!^!iI^:ii::^^^I5^.^ . 
both tvöes :o-r= •sseoifflPOT &i-.-£ ..~-.»r<>m*. *""r,?-*r_?°-i:J, ,*i ^' '«»A 

cycSs fo* ***<*»» as ^htraate^^xth sp|||ggns 
.suhjfectei tp £«3* cycle each, ax ?*v® and. 2BOQ- F,. 

::3 

KW   -•:•' 

•$&k®'%_ -W- -'öV^'S- --4**- 
;t';?T'-5''1 

-.»»r-^-!ft?~> S-äfe?,!^*:" 
i^«- -~««^i«s.wjs-:a3,.^jisi,;; 
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I «AOG Tee-hniä&l üsne?» U£*§£ si 
l-      " -       •-' - - •• -""3 -«• 

J-^33 
0 • i&8&-us-siqm. of. Thema! .Shook T.eg^ifag.^Beäül.tl. • -""" ~vt;fg3 

-' £•* ifS 
3 As -sho.wK._iiV. Figg ,- 21 fcäd 22*. the testing tea-- .-",',. 

,pe?atur.e of 25ö.QöF was. definitely tob high, causing ; - ".    r "".-'Jl 
pröhpunbed deterloration of the physical jstfti&ture s:f --."^Ä 
ihe sipeelaiehs., äppär#h.t even. a€te.r one' fc.e&iing_byöX #_^.'.' '""~~:""; >^SN 

,^1 - . Mg/. 2-4 Shows . gjN^hibäily for hoth infiltrated ,.; 
•and sintered •s-peb.iaie.xi#;. the -Äf-f-eefc. of the number of .: :*^S 
shocking cycles st 2S0B—F -on- the modulus ;bf transverse '' \fl 
rupture strength ä^t.,,raom- fcemp>rä$ure?_^be, Ihfllimted ;';.___ ">;^j 

-/.Ä-Äff' - " ~>5^S 8pe.oira.ervs «jshlbit ä sharp -drop in this- p^psrty *:#0/& 

slower reduction in strength within thenriext. two _""/'". .V.jT&g 
bybi.eS:? and a slight recovery ai"tsjr si* syel.es. 

The sintered specriffiens, starting with än-.ini^ 
I •---       --.   tiaily Touch lower mbdulüs. öf t,ran'syerse mp-tu-re 

iabout j)i as compared to the infiltrated type» show 
-,a sisilW» but less: .pronounced* hehavior>    ft partial 

recovery of the strength, was only nb4ed after eight- 

" shoe/k cycles:» trhen the modulus of rupture -value 
reached i&$QQG- psi.._ . "..'-."=.- ..'-..- 

-•^-.g* 

- "-Lj . Figi. 2| shows that the inf iltrra tad spec isiehs 
undergo ohiy a moderate loss, in modulus of rupture       -_^ '".:" S 
strength (about iÖjQ up tb 50 hsa-t shocking cycles, J'"| 

.i.eiVäiuch less p-renpunbed- than for the 2500°? tests*        _.-'--"-£ 
I?b dras^tie chenge in strength Is caused ^6y extending "=| 
the thermal shock syciee frots-50 to 69= After 60 
cycles, loss in strength occurs anew, which now -mani- 
fests itself as a definite commencement, of äeterlora^ 
tion after 90 cycles, when a loss of 20$ of the initial 
trans-verse rupture strength can be noted» 

-\1 -y 

Sintered test specimens, s*aj*t*»s withr 
strehgjth values one-halfi below those, of the infill 
träted ones, experience an additional reduction in __ -'--§. 
Mo du lüs -o V fc ran:« ve?r se _ rupture " .s<cr©n'gisn -s-i TEüI? ow öy 
-S;le&-.,~--the vsiüeä: b^eln^ bnä;*r bne^^-1r# of these re** 
borded for -the in filtrated type after the sa^me 30: 

hea-i shock ö'.y-clbs*    The s.|ntef ed. specimens- recover 
pa-rltjof 'their sirehgth af^e-y .^^..^xt.-|iS^i:.^cl-.9,»-iL- and 

. tbe-reäf^-er- ei &n &_&$eLern.ied^Bäafee uhtil .afrter -0-O 

^_    -.HiiA'      -  - .      -        •        - . • ! Sb; a 

- ^r --_-r 

.._-« 

i^©e-^rÄ.K-ig^2;-'. "..- - 4^"^-Ä4"^—^ -t\"^:iV'iÄÄÄÄl! 

!^ £i&^*x®*%W*9'7' 
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«P&?a89r»siie-*ir? '^g5'-~ . Ateagjijraica .a^-a.- tTWa^*»H*a*^? £ 
--•='• ~^S^^\ *.' )Ss&2IL•i," !SM££i£ lSiS^^ti£if^lI11 

WäöG T©ehalsa3. R«pc?t*fc 8M8- 

eycieB,  the Initial 'Level of" inodulus öf Rip tu re 
;g'$f^iigth/»älViö  is ?^gai;nsd>'   -.   - "-:  __ .- '_•'-'._ 

'-'Tb& st-rengsn Tarsus number of thermal ehoeie 
cysles curves exhibit two obvious  trends-.«     (Me is 
that the strength öf both*  tft-r.ilirated ana «Did- 
preiae&^and sintered types of titanium carbide mate- 
_-r|-alB-.»,--iä .a-ffsoted by the number of thermal  ahöQK 

«s In appro: the same- ma-rare?-»    3Jhe, appa- 
reht Initial i*eüuctlsn SRö subsequent recovery of 
fc&e strength -artsy pp-OQV$$M$w& 'the*ss-l sh&ek cyellnig*. 
is ftöpe. a;d^änö.<8& in the case of\thjB sihtered\ titanium 
carbidä- eöropcaittön.:.  &nd inojr-e Retarded.?  or- xipt at " 
all devslppöd wlthir   the-number of cycles ufed £©1*' 
:thnsrJle:s:t~*s%:|lfe's:r~^  ~the—ewe: io#Llb^^I't£x^tafti"t®d-';'-. —r;~ 
Tnätsriäi*    The  tre: id toward' recovery in both ease.B-».: 
hp¥iäv$p«  Is most u^Ä-xpaetedL*    It  indioatcjLjbhart no 
41 rest, relation -exists between surface deterlomtlon 
and modulus  of transverse- ruptürö. strength- ä:s -long 

. as, ;th^a*^ötui*e' is not de;strpy<giä by ..fu'si.ph -under" 
oxMis.iftg. cOndlttonsC»,     .. --. .. "?-..<.:.-..       .' . _ .-  •,'•-"-"• 

tbe-cvphjer result0^~S,4^tficähC©  lr   thatTth« "" 
ineöYiei-? Infill ra ted type of  titanium carbide ma'fee- - 
rial yields* on dap all conditions, modulus of rup^ 
ture strength ?/al"i«s  far superior to.those obtained 
under I&entlcaJ conditions for sl^ntered titahlU-Ti 

•carbide spe.clmajsa of comparable sotnpositiön» as"_" \ 
Produced, by. the partieulär .method u#sö in this in- 
v.«»«*- Igavi *rity is most jsj._gh.i\fleant 
in speeiajens that mere not Impaired T?y pv.;erh.§ätihg.«. 

SECTION  V.J 

SPEISE SON  m  S-PEG1ÄS 

The specimens 'submit tea*  in compliance with the . 
contract s^Ipulationa.  inttlüdeü'S 

i_. twelyei (IS)  finlSh^groünd? als© in* long*  stress 
xnipJtüre specimens from titanium, car-- 

- _; "• -   bid© Ini'.tltrated with inoöne.i.,   :•• 
three. k%\      •M-iiish^grcund.r nine^ in.,. lphg> stress 

'....- . wxprtUire'-apo^im^ 
.'.---. a-in±6re;d! titanium üä^blds^ihco.hel» 

1A#3; - W&ti* M>--??' 4S V :±}^£:m 

T-H-^ -*t*i-.MlC>5«n«^.-*«^Ä 
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SECTION   VII 

'SUMMARY Alt; G OKG UJSIONS 

1. Titanium eärplde-bäsö w©opposite bodies were produced 
by  Infiltrat1 on with nieksi-basc allocs and a nick-si- 

- 2:lUHlInU31  ^jrviirpOänu •   SS   »6x1   äs   bj    öüiiVöiüt iärrs&l    powder 
:sej?ällur.gicaT -methods *   .-   * = 

2. • Möngthe various methods of infiltration attempted.* 
tne transverse capillary Infiltration method proved the 
igpfrt' faveüable  f'Or the ".long and slender type öf stress 
r^tu-re $e,s=t specimen stipulated by the ebntracjt specie 

-T^f;iÄ&M-6n%'»' -•''".- ,---        -" . --    .'."'• .-" '     " "'"•' .'."*"        •'• 

^i^^^^^^^'H^'tran-t-s- -t:es;t-sedr>- Hlc^otrce: .~vV rHä:s:tell-^ 
"l5:G'~7e .-ln&pn§l.>_anol the intöiHnatä ills aörapouad KlÄl, 
Ea'&tel.iöj ^S^^rpved -fi.%&fe£%ö.-r- M .eis© oif. fnfjLltration. 

^•JlpesiSjfiSS 'P^Vcörä^ps'i^ipns/^ai^'ii-äa* to, those: of the 
iTrifilt^ted Mrs were also prodUdfd by. eoid^presslng and 
°I^t<SMhg" techniques e .. :H6t>prö|s:e;d specimens proved eon- 
«i^Wr^iy inferior: to iBO-ld^prös/sed and sihtef^d epsöi* 
men#,    ingeneral«  specimens- produced by conventional 
iV6wd©r metSMlarglcal  techniques were  found to have pay?l- 
cäT fag-d^e&Icäl" properties which we re Inf»s»iof to  those 

r;o:C
;^i€©-^ ;..'-• 

5£jpe tests' oohdurotsxi «t this iäVoratdry, were spnfinsd 
~"¥5 'äödüi'üä of „'trSths/vei^* rui-'ture testing at rööm temper*-- 
-ature and 1800%, deflection In bending under the test 
load at ISQQ^P, bxidatlpn in sMll air ät 160Ö, 1800 apd 
2000°F, aiid in-an oxygen stream- äct £2-50°#.s a-nicL the*nssi 

• shn&k cycling at 2300. ;and '2500%. 

64 Xüoohei—infiltrated titanium carbide bodies were found 
to iaävg» thp hlghöet modulus Of transverse rupture values 
and beet oxidation resistance»    They also showed good 
ductility* as manifested by pronounced bending under \ 
load* at 18ÖÖ0Fy   This material was  therefore selected . 
for the stress rapture and thermal /shock test specimens. 

""'7'4 The number of specimens submitted to the *f^terialä 
-=^ .--.* „A. ~— "febv^rÄt©*^"» Ses^eävTeii vx vi>s i©B, ~"w j? i gjsx & if. ue velLö p siens: 

Center I"©* stress, rupture testing, were limited, due to 
difficulties  in production»  to twelve,, nine In.* long,, 
Ihconel^Inflitrftted-,  flnish^grourid«,  tltäniunj, carbide' 
«p'ec'Imei.ns ansl three' specimens  similar in pomposixlpn.». 
-pr6dü5ßed= by ^^d^preeAing; äjrvdfc «ittt&riäg..      "     .- 

'mm *EAR^ S2M92^:. ^ä^_ 
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«BW^t 

8» While .it was possible  tö  produce by the infiltration 
technique three in. long specimens which showed great; uai 
fcrm-Ity ih Btrticfctrre s.n.d propox'ties » .0- u     ws* o *äO i/    pu@8.i0x8    i?0 
aohievo the'Hsawijrdegree of"uniformity in nine in, long bars* 

9e An X--ray investigation of the oxia« seal« of o?:idtsad t«.-. 
conel-infiltrated titanium carbide specimens was carried ©uts 
and the composition of the oxide product determined to be pri- 
marily ferric oxide^ nickel oxide, and titanium dioxide.« 

IG. The coefficient of thermal expansion of the Incon*3-? 

infiltrated titanium carbide was found to he 4.-44 x 10^'^ 
per -Ö-F- in. the range pf 70 to l20OoE.5 

li... It.W&s.'nQt pösaible t©; obtain the coefficient of thermal_,.__ 
expansion of the oxide'goal e sine 5 it .was found not %o be feäs- 
ibla  to procured  t5st ä'¥äBtM|&«-. &*_Änv ©f-the svsiXs-bX^?- jsstrfe'&gjs- 

|"g. .Oöthöäriapn. showed ä cle^ir^eUt superiority of about- -2.. *® 1 
".of In-fiitr'a't'ed to coid^preBaed and sintered ma,te.rlai In m©du~ 
lus Tv.f transverse ruptur® and. thsan&i shock testing prgp.estlesj 
tJhtis la probably due> at l^ast in piirfc»  to the higher density 
Of the infi'lträt.ed:ttyPB; ,p-f material, but may also be partly 

JMQ to the ebEtihuity. of Juhe blhd#r|infiit?ant) pha-ge* 

13. %e effect of therföai jkqek, below the meltlng. point ,. 
pf thV infiltrant,c on Infiltrated specimens,, shesgaa app; 
fflätely 2.5> decrease in the tränsyer&s rüptüre streng; 
thfe njä"t:ei*Ial äX'tecr -P#olönge/d shock cy©i ing«. 

14. Therniäi shocking of material m&dß by cold^pressing and sin* 
terlng. caused a 35^ Initialdrop in transfers« rupture strength 
followed by a partial recuperation after continued: shockin;g_at_ 
23"C'ÖÖ'F.   At fc:&»,pera:tures abe-v« 5d@S°F only minor- re —«-«'-- 
of _a.trengthr.a'.f.t^y con-tinued: shocking wa« observed. 

15* f.i"hs shcouraging test  results In modulus of transverse rap* 
rare»  thermal shock., and oxidation testing of Inoonel-infil«* 
trated A>ltanium carbide and similar materials suggest that these 
materials tiäf^^e"^^!! suited for use as structural materials- in 
high temperature engine eompshentae     It  is necessary, however, 
to car^T1 out  further development work with the object of pro-^ 
ducing such composite bbüies  free of mioroporcsity,  surfae® @ro-» 
sion »rffectSj» etc.    '^he accomplishment of a completsiy mnlfoirai 
microi_femct^t,e would undoubtedly result In further Imp^övamant . 
in th-b physioai and chemical properties of such_int11 tpft^Äd — 
titanium car.blde% material e .   - ~~~ :- 

on 

16. fIJtis: ,^tlli|atiion of "this, improved typs of material, fox», pöw^r 
j^h^o'o^^ further ehgineering snd_ döselep^ant 
'wö"^R,r^elwtiy§""to: methods b-f' -shape'' gene-ration,  infiltration and 
/•|?in^sklng--i,,-- „" "   _'.•' / '-}. --".•" ; "J---/ j_^'^__ "-'. ------:   ''-•"•_ 
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1.    Air Porös Contraot ÄP 33(0385~S34Ij  Report ?Jo. 8, 
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